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Abstract This paper discusses the reservoir space in car-
bonate rocks in terms of types, combination features, dis-
tribution regularity, and controlling factors, based on core
observations and tests of the North Truva Oilfield, Caspian
Basin. According to the reservoir space combinations,
carbonate reservoirs can be divided into four types, i.e.,
pore, fracture–pore, pore–cavity–fracture, and pore–cavity.
Formation and distribution of these reservoirs is strongly
controlled by deposition, diagenesis, and tectonism. In
evaporated platform and restricted platform facies, the
reservoirs are predominately affected by meteoric fresh
water leaching in the supergene–para-syngenetic period
and by uplifting and erosion in the late stage, making both
platform facies contain all the above-mentioned four types
of reservoirs, with various pores, such as dissolved cavities
and dissolved fractures, or structural fractures occasionally
in favorable structural locations. In open platform facies,
the reservoirs deposited continuously in deeper water, in an
environment of alternative high-energy shoals (where
pore–fracture-type reservoirs are dominant) and low-en-
ergy shoals (where pore reservoirs are dominant).
Keywords Caspian Basin  Carbonate rock of platform
facies  Reservoir space type  Reservoir type  Controlling
factor  Distribution regularity
1 Introduction
Carbonate reservoirs contribute about 60 % of the world’s
oil and gas production. The Caspian Basin is one of the
major petroliferous basins in the world, where over 90 %
of the oil and gas production is from carbonate reservoirs.
Compared with sandstone reservoirs, carbonate reservoirs
often have stronger heterogeneity due to more complex
genesis (Jiang et al. 2014a, b). Many researchers have
recognized that the carbonate reservoirs in the Caspian
Basin are very complex in diagenesis and fracture forma-
tion (Wang et al. 2012a, b; Zhao et al. 2010, 2012; Xu
2011). The authors think the heterogeneity of the carbonate
reservoirs is the combined result of complex distribution
and combination of reservoir space, i.e., pore, cavity, and
fracture. Thus, finding out distribution features of such
reservoir space is essential for evaluating the heterogeneity
of carbonate reservoirs. Taking the North Truva Oilfield in
the eastern margin of the Caspian Basin as an example,
based on core observations and tests, this paper discusses
the features and genesis of pores, fractures, and dissolved
cavities in carbonate reservoirs of open platform—evapo-
rated platform facies. It gives a classification of the car-
bonate reservoirs according to the features of their
reservoir space, describes their physical property features,
and analyzes the distribution and combination regularity
and controlling factors of different types of carbonate
reservoirs.
2 Overview
The North Truva Oilfield is located in the eastern margin of
the Caspian Basin (Fig. 1). Its main oil-bearing formations
are Carboniferous carbonate reservoirs of platform facies,
& Shu-Qin Wang
wshuqin@petrochina.com.cn
1 Research Institute of Petroleum Exploration and
Development, CNPC, Beijing 100083, China
2 School of Energy Resources, China University of
Geosciences, Beijing 100083, China
Edited by Jie Hao
123


































































































Fig. 1 Location and structural map of the study area
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including KT-I and KT-II; two sets of oil/gas-bearing zones
vertically. KT-I, composed of deposits of evaporated
platform-restricted platform facies at the burial depth of
2300–2800 m, is further divided into A, <, and B oil layers.
Layer A presents evaporated platform facies in the north
part, and transits to restricted platform facies southwards,
from top to bottom, with water depth during deposition
gradually increasing. It is composed of calcareous dolo-
mite, dolomitic limestone and anhydrite-bearing dolomite,
anhydrite dolomite, with dolomitic and gypsum content
decreasing but calcareous content increasing from the
evaporated platform to restricted platform facies (Fig. 2a)
(Esrafili-Dizaji and Rahimpour-Bonab 2009). A1 and part
of A2 are missing in the north of the oilfield, indicating that
the area experienced uplifting and erosion after the depo-
sition of Carboniferous and before deposition of Permian.
Core analysis of KT-I shows that its porosity is 7.2 %–
39.2 %, with an average of 16.9 %, and permeability is
0.025–2170 mD, with an average of 107.3 mD. KT-II
represents the carbonate rocks of open platform facies at a
burial depth of 3100–3400 m, with depositional water
depth decreasing and energy enhancing from bottom to top,
since it is dominated by low-energy shoal deposits in the
lower part and high-energy shoal deposits in the upper part.
KT-II is mostly composed of pure bioclastic limestone,
with calcareous content of 99.6 % (Fig. 2b). Core analysis
shows that its porosity is 8 %–20.1 %, with an average of
12.1 %, and permeability is 0.003–415 mD, with an aver-
age of 35.9 mD.
3 Types and genesis of reservoir space
9600 core samples taken from 23 wells were analyzed to
ascertain the features and genesis of themajor reservoir space
of KT-I and K-II, and the reservoir space is classified
according to their genesis and shape. The main types of
reservoir space in the study area are pores, fractures, and
dissolved cavities. For KT-I and KT-II, pores account for
84 % and 97.8 %, dissolved cavities account for 6.7 % and
0 %, and fractures account for 9.3 % and 2.2 %, respectively.
3.1 Pores
Pores are defined as reservoir space less than 2 mm in
diameter, which are the most widespread type of reservoir
space in the study area, and also the most complicated. By
genesis, pores in the study area can be divided into 7
subcategories under 2 categories (Table 1), i.e., primary
pores (syngenetic or para-syngenetic) and mainly sec-
ondary pores formed during burial diagenesis (Zheng et al.
2010). Primary pores are the pores formed in syngenetic or
para-syngenetic periods during deposition, with shapes and
sizes changing during diagenesis. In the study area, the
most prominent primary pores are intergranular pores
preserved after the compaction between detrital grains,
visceral foramen preserved after soft body decomposition,
and the pores preserved between biological frameworks
(Fig. 3a, b, c). Secondary pores refer to the pores formed
by dissolution during the process of burial diagenesis,
which are dominated by intergranular dissolved pores,
intragranular dissolved pores, and intercrystalline dissolved
pores (Fig. 3d, e, f). The distribution of pore types is sig-
nificantly influenced by the depositional–diagenetic envi-
ronment (Yue et al. 2005; Gao et al. 2013; Haq and Al-
Qahtani 2005).
KT-I is composed of deposits of evaporated platform-
restricted platform facies. Its deposits were affected by
sabkha dolomitization and reflux-seepage dolomitization
during syngenetic, para-syngenetic, and eogenetic periods
and further transformed due to dissolution and cementation
during burial diagenesis. In Late Carboniferous, the entire
study area was uplifted and eroded by meteoric leaching
(Huang et al. 2009; Lo´pez-Horgue et al. 2010; Wang et al.
2012a, b). Due to the effect of multiple factors, the reser-
voirs have various pores, including primary (including
syngenetic and para-syngenetic) pores, interframework
pores and visceral foramen, and secondary pores, such as
intergranular dissolved pores, intragranular dissolved
pores, intercrystalline dissolved pores, crystal moldic
pores, etc. Meanwhile, the average surface porosity is
almost the same for all pores. Primary visceral foramen,
intergranular dissolved pores, intragranular dissolved
pores, and intercrystalline dissolved pores are 2.15 %–
3.45 % in average surface porosity (Fig. 4), not differing
much.
KT-II is dominated by deposits of open platform facies,
including bioclastic shoals, algal reef, and intershoal
deposits developed in deeper water, which are continuous
and free from uplifting and erosion in later stages. The
formation of reservoir pores was controlled by dissolution
and cementation during diagenesis, predominately includ-
ing various primary (syngenetic or para-syngenetic) vis-
ceral foramen remaining after soft tissue decomposition
and intergranular dissolved pores, and intragranular dis-
solved pores formed due to selective dissolution of soluble
components during burial diagenesis. The average surface
porosity of visceral foramen, intergranular dissolved pores,
and intragranular dissolved pores are 1.8 %, 5.24 %, and
0.46 % respectively, and less than 0.1 % for other types of
pores (Fig. 4).
3.2 Fracture
Fracture, another kind of reservoir space commonly found
in the study area, is also an important oil and gas flow
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channel. Various types of fractures are observed in cores
from the study area. These can be divided into structural
fractures and nonstructural fractures according to their
genesis (Davies and Smith Jr. 2006; Wang et al. 2012a, b;
Zheng et al. 2009). Structural fractures, formed due to
fracturing of rocks under stress fields (Figs. 3h, 5b–d),
arrange in a certain direction. Nonstructural fracture
including dissolved fracture and pressure dissolved fracture
(sutures), has no apparent directionality (Figs. 3i, 5e, f).
The fractures can also be divided into macrofractures and
microfractures according to their extended length. The
former refer those in cores visible to the naked eye, while
the latter can be only identified under a microscope.
During the depositional period of KT-II, the open plat-
form water energy changed intermittently, leading to the
alternate deposition of high-energy shoals, low-energy
shoals, and inter shoals (the low-lying land between
shoals). Nonreservoirs deposited between shoals are tight
and strong in resistance to pressure, while reservoirs
between shoals are loose and weak in resistance to pres-
sure. Under tectonic stress, the reservoirs of high-energy
shoals and low-energy shoals would release pressure first
since their particles were breaking up, resulting in the
formation of microfractures; then, the tight nonreservoirs
between shoals would form macrofractures. Thus, struc-
tural macrofractures of open platform facies carbonate
deposition are mostly present in tight nonreservoirs,
accounting for 84.4 %, and seldom in low-energy shoals.
High-energy shoals are dominated by granular fracturing
microfractures.
The reservoirs deposited in the evaporated platform—
restricted platform facies are mostly calcareous dolomite
and dolomitic limestone with strong brittleness, while
nonreservoirs are composed of argillaceous and gypsum
rocks with strong plasticity. Thus, under tectonic stress, the
reservoir interval is more likely to form structural fractures
due to fracturing (Aqrawi et al. 1998; Carnell and Wilson
2004; He et al. 2012; Moutaz et al. 2010). Fractures
account for 71 % of the reservoir space in the reservoir
interval but 29 % of the space in the nonreservoir interval.
During the syngenetic–para-syngenetic period, dissolved
fractures were likely to form due to strong leaching by
meteoric fresh water. The uplifting and erosion after Car-
boniferous deposition and before Permian deposition lea-
ched the formations with meteoric water again, making the
dissolved fractures and structural fractures formed earlier
enlarge further. Therefore, dissolved fractures are quite
abundant in these reservoirs. But they are small in scale,
mostly dissolved microfractures, and bigger ones are only
found in local areas (Fig. 5f).
The statistical results of microfractures observed from
thin sections of reservoir intervals show that there are more
structural microfractures and dissolved fractures in KT-I
than KT-II, with a surface fracture ratio of 0.04 % and
0.28 %, respectively, that is 2–10 times that of KT-II, but
the granular fracturing microfractures of KT-II have a
higher surface fracture ratio than that of KT-I (Fig. 4). KT-
II is tighter and more brittle than KT-I, so macrofractures
are richer in KT-II. The statistical results of cores and
imaging logging reveal that the linear fracture density is
6.49/m for KT-II and 3.38/m for KT-I.
3.3 Dissolved cavities
Dissolved cavities refer to reservoir space more than 2 mm
in diameter. They are only found in the evaporated plat-
form facies of KT-I, but are absent in KT-II. The formation
of dissolved cavities in KT-I is mainly due to dissolution of
carbonate components, which is directly related to mete-
oric leaching by weathering and erosion resulted from the
Table 1 Classification and definition of pore types in the study area
Classification Definition
Category Subcategory
Primary pores Intergranular pores The space not filled by marl or cement between grains or the partially filled residual
pores
Interframework pores The framework space formed due to reef-building, the unfilled or partially filled
pores
Visceral foramen The visceral foramen remaining after the decomposition of soft tissues, unfilled or
partially filled residual pores
Secondary pores Intergranular dissolved pores The pores formed by partial or complete dissolution of the micrite or sparry
cements previous filled between particles
Intragranular dissolved pores Pores inside bioclastic, oolitic, and sand clast grains formed due to partial
dissolution
Intercrystalline dissolved pores Enlarged dissolved pores between powder crystalline and fine crystalline
Crystal moldic pores Formed by complete dissolution of gypsum or salt crystals
454 Pet. Sci. (2016) 13:450–462
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late-stage uplifting (Guo 2011; Mu¨ller et al. 1990; Yao
et al. 2008). Core observations and image logging data
show there are apparent dissolved cavities at the top of KT-
I, which are 3–5 mm in diameter generally, and up to 25 m
at maximum (Fig. 5g–h). Dissolved cavities, pores, and
fractures generally coexist. Microanalysis of core thin
sections shows the dissolved cavity porosity in KT-1 is
0.45 %.
4 Features of reservoir space combination
The analysis above reveals that the reservoir space in
evaporated platform—restricted platform facies is domi-
nated by pores, fractures, and dissolved cavities, while the
reservoir space in open platform facies has pores and
fractures, without dissolved cavities. Different types of
reservoir space are not evenly distributed in different layers
and positions, which manifests in differences in reservoir
space combinations. Based on core observations, and
combination of pores, fractures, and dissolved cavities, the
reservoirs in the study area can be divided into four types,
i.e., pore, fracture–pore, pore–fracture–cavity, and pore–
cavity (Borkhataria et al. 2005; Huang 1997; Mahdi and
Aqrawi 2014; Whitaker et al. 2004). The porosity and
permeability of these different types of reservoirs were
determined from logging data to compare their physical
properties.
4.1 Pore-type reservoir
This type of reservoir contains reservoir space of pores of
different genesis, with an average porosity of 9.8 % and
average permeability of 5.7 mD (Table 2). Pore-type
reservoirs are most widespread in all intervals, but differ
widely in physical properties in different intervals. KT-I
has various types of pores, and higher porosity and per-
meability than KT-II. The porosity and permeability are
10.9 % and 6.1 mD for KT-I, and 9.7 % and 5.2 mD for
KT-II. Moreover, their porosity and permeability show a
gradually decreasing trend from top to bottom. For KT-I,
this variation in physical properties was controlled by
meteoric fresh water leaching and uplifting erosion, but for
KT-II, the variation in physical properties is controlled by
the sedimentary environment, the U1–U5 layers are high-
energy shoal facies with an average porosity of 9.9 %–
10.7 %, and average permeability of 4.7–14.8 mD; while
the U6–L3 layers are low-energy shoal facies with an
average porosity of 8.5 %–9.9 % and average permeability
of 0.6–2.2 mD. It is obvious that the reservoirs of upper
high-energy shoal facies have better physical properties
than those of low-energy shoal facies.
4.2 Fracture–pore-type reservoir
This type of reservoir mainly contains pores and fractures
of varying genesis. Second in extensiveness, it has an
bFig. 3 Microscopic features of reservoir space. a Residual intergran-
ular pores after cementation and compaction, Well CT-22,
3170.28 m, sparry algal limestone; b green algae framework pores,
Well 5555, 3123.16 m, micrite green framework limestone; c visceral
foramen within derbesia neglecta, Well 5598, 3155.13 m, micrite
foraminiferal red algae limestone; d superficial oolith intergranular
dissolved pores, Well 5598, 3201.37 m, sparry algae superficial
oolitic limestone; e dissolved pores within algae aggregate, Well CT-
22, 2339.72 m, micrite foraminiferal red algal limestone; f dolomitic
intercrystalline dissolved pores, Well CT-4, 2335.52 m, coarse
powdery crystalline dolomite; g oolite moldic pores, pore diameter:
0.05–0.1 mm, Well A2, 2887.27 m, sparry moldic oolitic limestone;
h structural fracture, half-filled by calcite, Well CT-22,
3148.82–3148.85 m, sparry algae foraminiferal limestone; i dissolved
fracture, Well CT-22, 2301.15 m, micrite foraminiferal limestone;
j large dissolved cavity, pore diameter: 2–5 mm, Well CT-4,



































































































































































Fig. 4 Surface porosity of reservoir space (microscope) obtained from the statistics of core thin sections
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Fig. 5 Macroscopic features of reservoir space. a Poorly connected pores, Well A2, 3466.21–3466.24 m, limestone; b netted fracture, Well
CT10, 2343.06–2343.17, dolomitic limestone; c high-angle structural fracture, Well 5555, 2332.15–2333.49 m, dolomitic limestone; d low-angle
structural fracture, Well CT-4, 2294.90–2395.02 m, dolomitic limestone; e suture line, Well CT10, 2350.46–2350.58 m, dolomitic limestone;
f dissolved fracture, Well CT4, 2346.72–2346.96 m, dolomitic limestone; g dissolved cavity, Well 5555, 2341.03–2341.26 m, dolomite with oil
patch and dissolved cavity; h dissolved cavity, Well CT4, 2341.54–2341.66 m, dolomitic limestone
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average porosity of 10.5 % and average permeability of
9.8 mD. This type of reservoir in KT-I and KT-II are
similar in porosity, but as KT-II is tighter and more brittle,
structural macrofractures and microfractures are more
likely to form under tectonic stress in KT-II, which can
significantly improve reservoir permeability, therefore, this
type of reservoir in KT-II has higher permeability than that
in KT-I (12.3 mD for the former and 6.9 for the latter)
(Table 2).
4.3 Pore–fracture–cavity-type reservoir
With pores, fractures, and cavities of various genesis as
reservoir space, this type of reservoir mainly occurs in
Layer A at the top of KT-I, and is composed of calcareous
dolomite with minor dolomitic limestone. Reservoir space
in this type of reservoir is most diverse due to the combined
effects of meteoric leaching and uplifting and erosion,
including pores, fractures, and dissolved cavities of various
origins. The fractures are dominated by diagenetic dis-
solved fractures, followed by structural fractures. This type
of reservoir largely occurs in A1, A2, and A3 layers in the
upper part of KT-I 30–80 m below the KT-I top. With an
average porosity of 13.2 % and average permeability of
22.8 mD (Table 2), it is one type of reservoir with fairly
good physical properties in the study area. The A2 layer in
the central north of the oilfield, high in structural position,
and suffering strong deformation, is best in physical
properties, with an average porosity of 14.4 % and an
average permeability of 54.5 mD.
4.4 Pore–cavity-type reservoir
Often associated with pore–fracture–cavity reservoirs, this
type of reservoir has pores and cavities of various origins
as reservoir space, and occurs in A2, A3, and B1 layers. It
is composed of dolomitic limestone, the dissolved cavities
are mostly unfilled or partially filled, and connected by
pores of various sizes. With an average porosity of 13.1 %–
14.3 % and an average permeability of 40.1 mD, it is the
reservoir type with the best physical properties in the study
area (Table 2).
Table 2 Physical properties of various types of reservoirs














A1 11.6 12.1 10.1 11.4 5.1 3.0 1.8 4.3
A2 14.3 10.8 14.4 11.5 12.1 49.0 15.1 54.5 8.2 25.4
A3 13.1 10.2 13.0 10.6 11.7 18.3 5.3 17.9 7.0 12.2
<1 14.2 11.0 10.2 11.5 43.2 2.9 4.6 11.0
<2 10.0 9.0 9.7 3.1 4.2 3.3
B1 10.0 8.9 9.7 1.0 2.9 1.6
B2 9.8 10.0 9.9 3.3 9.6 5.5
B3 13.2 10.8 13.0 2.1 3.4 2.2
B4 12.4 12.9 12.5 0.4 2.7 0.8
B5 10.1 10.1 1.3 1.3
KT-I 13.9 10.9 13.2 10.7 11.7 40.1 6.1 22.8 6.9 13.4
U1 9.9 8.6 9.0 4.7 4.3 4.4
U2 10.4 10.8 10.5 7.6 13.2 9.9
U3 10.4 10.1 10.3 8.3 6.3 7.3
U4 10.7 11.2 10.9 8.4 15.6 12.4
U5 10.2 10.3 10.3 14.8 25.4 19.2
U6 9.0 9.1 9.0 2.2 8.1 3.5
L1 8.5 8.1 8.5 0.6 1.5 0.6
L2 9.4 8.4 9.3 1.6 1.8 1.6
L3 9.7 8.2 9.7 0.8 1.0 0.8
KT-II 9.7 10.4 9.9 5.2 12.3 7.8
Oilfield 13.9 10.1 13.2 10.5 10.8 40.1 5.2 22.8 9.8 10.5
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5 Distribution regularity of reservoir types
The thicknesses of various types of reservoirs in KT-I of
156 wells and KT-II of 146 wells were compiled and the
thickness ratio of various types of reservoirs was analyzed
by sublayer to find out the thickness variation pattern of
different types of reservoirs in the vertical direction and
horizontally.
The different types of carbonate reservoirs follow dif-
ferent variation patterns in the vertical direction (Fig. 6)
strongly controlled by deposition and diagenesis. KT-I has
all four types of reservoir, due to its complicated sedi-
mentary–diagenetic environment, thus it has diverse
reservoir space and reservoir space combinations. Of
which, layer A with all four types of reservoirs is most
diverse in reservoir type. Layer < has three types of
reservoirs, pore, fracture–pore, and pore–cavity type
(Fig. 6). Layer B has only two types of reservoirs, pore,
and fracture–pore types. Pore–fracture–cavity reservoirs
mainly occur in sublayers A1, A2, and A3 at the top of
KT-I, its thickness ratio in three sublayers are 13.9 %,
22.1 %, and 49 %, respectively. Pore–cavity-type reser-
voirs mainly occur in A2–<2 sublayers, at a thickness ratio
of 1.6 %–19.5 %. Found in all sublayers, pore-type
reservoirs increase in thickness ratio from top to bottom,
and reach 100 % in the B5 sublayer. Fracture–pore-type
reservoirs occur in all sublayers except B5, with a thick-
ness ratio of 9.8 %–28.7 %. In general, the thicknesses of
pore–cavity–fracture, pore, and fracture–pore-type reser-
voirs account for 32.6 %, 28.7 %, and 27.0 %, respec-
tively, while pore–cavity type reservoirs account for 4.7 %
in thickness. The above changes in reservoir type have a
direct effect on the reservoir physical properties, as a
result, the permeability of reservoirs in A1–<1 is much
higher than the permeability of reservoirs in the <2–B5
sublayer (Table 2).
Deposited in a simple depositional–diagenetic environ-
ment, thus monotonous in lithology, KT-II only has two
types of reservoir space, pore and fracture, and only two
reservoir types, pore and fracture–pore. These two types of
reservoirs show patterns in thickness variation, the thick-
ness ratio of fracture–pore reservoirs drops down from the
upper sublayer U1 which is 70 % to the underneath sub-
layer L3 which is 1.5 %; while the thickness ratio of pore-
type reservoirs increases up from the upper sublayer U1
which is 30 % to the underneath sublayer L3 which is
98.5 %. The change in reservoir type directly affects the
reservoir physical properties. As a result, the permeability
of reservoirs in U1–U5 in the upper part is much higher than
those in U6-L3 (Table 2).
Horizontally, pore-type and fracture–pore-type reser-
voirs are widespread, but thinner in relatively higher part of
structures in K-I (Fig. 7a, b). Pore–cavity–fracture-type
reservoirs and pore–cavity-type reservoirs are predomi-
nately distributed in structural high positions because tec-
tonic stress is stronger there, fractures are more developed,
and dissolution is more likely to occur when fluid flows
into the reservoirs via the fractures formed in the early
stage. Furthermore, the structural high positions often have
been uplifted by large amounts, so leaching and erosion are
more intense in the late stage. Under this tectonic and
diagenetic environment, a large quantity of dissolved
fractures, dissolved pores, and dissolved cavities are
formed in structural high positions, resulting in concen-
trated distribution of pore–cavity–fracture-type reservoirs

















Fig. 6 Thickness ratio of various types of reservoirs in the study area
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Horizontally, pore-type and fracture–pore-type reservoirs
are widespread in KT-II (Fig. 8), fracture–pore-type reser-
voirs are mainly distributed in structural high positions on an
NE trend. This is because structural stress is stronger at
structural highs, and under the effect of structural stress,
fractures are likely to be created in the reservoir. In contrast,
pore-type reservoirs mainly controlled by deposition and
diagenesis, have no apparent regularity in distribution.



























8 km 0 2 4 6 8 km
(a) (b)
(c) (d)
Fig. 7 Reservoir-type distribution in KT-I. a Pore type, b fracture–pore type, c pore–fracture–cavity type, d pore–cavity type
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6 Conclusions
Observation of a large quantity of core samples and core
analysis data of the North Truva Oilfield in the eastern
margin of the Caspian Basin reveals that in the carbonate
reservoirs there are many kinds of reservoir space,
including pores, fractures, and dissolved cavities of dif-
ferent genesis, and complex reservoir space combinations.
Accordingly, the reservoirs can be divided into four types,
i.e., pore, fracture–pore, pore–cavity–fracture, and pore–
cavity types. The distribution of these reservoirs is con-
trolled by deposition, diagenesis, and tectonism. In evap-
orated platform and restricted platform facies, affected by
meteoric fresh water leaching in supergene–para-syn-
genetic periods and uplifting and erosion in later stages,
there developed pores of various types, including dissolved
cavities and fractures, and structural fractures at favorable
structural positions. So the reservoirs are versatile in type,
including all the above four types. In open platform deeper
water facies, the deposition was continuous, the deposi-
tional environment of alternative high-energy shoals and
low-energy shoals directly controlled the degree of fracture
development, so pore-type reservoirs dominate in low-en-
ergy shoals, while pore–fracture reservoirs dominate in
high-energy shoals.
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